The bactericidal activities of synthetic gastric juice and acidified porcine bile on Mycobacterium avium subsp. paratuberculosis were assessed using propidium monoazide (PMA)-mediated quantitative reverse transcription-PCR, which allowed rapid relative quantitative analysis of viable M. avium subsp. paratuberculosis cells.
compared. M. avium subsp. paratuberculosis cells were heat killed to indicate 0% viable cells, and nontreated cells were used to represent 100% viable cells (ca. 2 ϫ 10 8 CFU/ml). The results with the standards were plotted on a graph, and a standard curve for that M. avium subsp. paratuberculosis concentration was determined. Viable cell numbers for each time point in both assays were extrapolated from the relevant standard curve. M. avium subsp. paratuberculosis qRT-PCR was carried out using the LightCycler 480 real-time PCR system (Roche). M. avium subsp. paratuberculosis detection was carried out using a previously described assay (8) . To determine the effectiveness of the PMA treatment used in this study, the change in crossing points between PMA-treated live and dead cells was examined. In the gastric juice assay this difference was 5.07 cycles, and in the bile survival assay this differences was 4.9 cycles; these results are similar to those from previously reported experiments (7) . The median values and ranges for each standard are plotted in Fig. 1 .
After 30 min of exposure to the synthetic gastric juice, the amount of viable M. avium subsp. paratuberculosis had dropped approximately 2-fold. M. avium subsp. paratuberculosis was seen to consistently drop over the 120-min course of the experiment. After 120 min, approximately 5 ϫ 10 7 M. avium subsp. paratuberculosis cells remained viable, representing a 4-fold decrease (Fig. 2) . M. avium subsp. paratuberculosis was also examined for its ability to survive in increasing levels of acidified porcine bile. Aliquots of M. avium subsp. paratuberculosis were exposed to 0.3%, 1%, and 2% porcine bile at pH 5.5 for 30 to 120 min. With all bile concentrations tested, a killing effect was seen within the first 30 min. An increased killing effect was observed with increasing bile concentration (Fig. 3) . This trend continued throughout the course of the experiment. All samples displayed reductions after 120 min.
The ability of a large number of the M. avium subsp. paratuberculosis cells to survive conditions similar to those tested here suggests that M. avium subsp. paratuberculosis could survive the initial human bactericidal barriers. The time frame for gastric emptying varies considerably; one study found that this can be as quick as 40.3 Ϯ 10.2 min (mean Ϯ standard deviation) for a liquid meal and between 65.5 and 102 min for a solid meal (9) , indicating that a large number of M. avium subsp. paratuberculosis cells could survive under physiological conditions. Cells were observed to aggregate quickly upon exposure to the acidified solution, and this aggregation could account for this survival effect. When food initially enters the stomach, it takes time for the acidification process to occur. It is possible that the bacteria would not be subjected to the same pH in the stomach as the low pH used in this experiment. M. avium subsp. paratuberculosis could also enter the stomach sequestered within a foodstuff, which would further protect it from the killing effects of the gastric juice. When the M. avium subsp. paratuberculosis cells encountered the acidified bile, a reduction of approximately 2-to 5-fold (0.3% to 2% bile exposure, respectively) was observed within the first 30 min of exposure to bile. The 0.3% bile concentration was chosen as the lower level, as this was thought to approximate what bacteria encounter in vivo (10) . Over the 120-min course of the experiment, this concentration of bile was seen to lead to an approximate 5-fold reduction. Taking these results in combination, it can be concluded that M. avium subsp. paratuberculosis could survive conditions present in the small intestine and the colon. If M. avium subsp. paratuberculosis were shown to have an effect on the development or exacerbation of Crohn's disease, then the presence of M. avium subsp. paratuberculosis in food would become an added concern, in light of our findings for the inability of the synthetic gastric juice or acidified bile to kill the bacteria. It must be borne in mind that this assay does not strictly measure cell viability, but rather is an indicator of membrane integrity. As long as the limits of the technique are understood, viable data can be obtained with speed. In conclusion, this study has demonstrated the extent and speed of the killing effects of both gastric juice and acidified bile for M. avium subsp. paratuberculosis. 
